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1.  INTRODUCTION 


MSGT  Ronald  Deermer,  currently  attached  to  the  US  Army  Human  Engineering  Laboratory 
(HEL)  at  the  Aberdeen  Proving  Ground,  approached  personnel  at  the  Ballistic  Research  Laboratory 
(BRL)  with  the  problem  of  developing  an  expendable  dearmer.  Some  efforts  had  been  made  in  this 
direction,  but  nothing  had  been  accepted  by  the  military.  The  BRL  proposed  several  potential 
solutions  to  this  problem  and  was  funded  to  pursue  one  of  them,  a  shaped  charge  device.  Included 
in  this  study  was  the  evaluation  of  a  device  that  had  been  developed  by  a  contractor,  the  AMETEK 
Company,  in  cooperation  with  the  Ordnance,  Missile,  Munitions  Center  and  School  at  Huntsville, 
AL.  This  device  purported  to  be  an  expendable  dearmer,  having  aU  the  required  characteristics.  It 
will  be  referred  to  in  this  report  as  the  AMETEK  device. 

The  AMETEK  device  is  illustrated  in  Figures  1  and  la.  It  is  essentially  a  right  circular 
cylinder  made  from  mild  steel,  bored  to  accept  a  cylindrical  slug  in  the  front  and  a  .50-caliber 
cartridge  in  the  rear,  having  a  shoulder  separating  the  two  chambers.  A  plastic  insert  is  used  to 
match  the  shape  of  the  cartridge  to  the  hole  bored  to  accept  it;  it  fills  the  void  space  between  the 
cartridge  and  the  chamber.  A  steel  cap  is  screwed  onto  the  back  end  of  this  device  to  hold  the 
cartridge  in  place. 

There  exist  several  different  methods  of  de-arming  explosive  devices,  one  of  which  involves 
the  use  of  shaped  charges  to  punch  holes  through  the  items,  either  causing  them  to  initiate  or 
damaging  them  to  the  point  where  they  would  no  longer  pose  a  threat  The  devices  discussed  in 
this  report  operate  differently;  they  rely  upon  momentum  transfer  to  the  fuze  of  the  ordnance  being 
de-armed  in  such  a  way  that  the  fuze  is  tom  off  or  rendered  inoperable  without  causing  initiation. 
For  this  reason,  larger  slugs  traveling  at  high  speeds  are  used.  The  speeds  must  be  high  enough  to 
disable  the  fuzes,  but  not  high  enough  to  cause  initiation. 

2.  EXPERIMENTAL  PROCEDURE 

The  basis  for  evaluation  of  the  AMETEK  devices  was  chosen  to  be  a  comparison  between  the 
muzzle  velocities  of  their  slugs  and  dent  depths,  produced  in  aluminum  armor  witness  blocks,  with 
velocities  and  dent  depths  produced  by  the  MK  2  dearmer  fired  under  identical  conditions. 

A  schematic  diagram  of  the  experimental  setup  for  evaluating  the  AMETEK  devices  is  shown 
in  Figure  2;  the  associated  photos  are  shown  in  Figures  3a  and  3b. 
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Figure  1.  AMETEK  expendable  dcarmer. 
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Figure  la.  Photograph  of  exploded  view  of  AMETEK  expendable  dearmer. 
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Figure  2.  Experimental  setup  for  evaluating  dearmers. 
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Figure  3a.  MK  2  Mod  O  dearmer  in 
position  for  firing. 


Figure  3b.  Close-up  photo  of  MK  2 
Mod  O  dearmer. 


Shots  were  fired  vertically,  to  provide  a  more  rigid  recoil  backstop  and  to  provide  a  higher 
degree  of  s>Tiimetry  than  would  have  existed  in  a  horizontal  configuration.  One  complication  that 
resulted  from  this  was  the  damage  that  was  caused  by  the  steel  slug  ricocheting  from  the  aluminum 
wimess  plate  onto  the  MK  2  dearmer  and  damaging  its  front  face.  It  required  repair  twice  during 
this  series  of  tests.  Figure  4  is  a  photo  of  the  front  face  o:  the  MK  2  and  the  top  of  the  slug  that 
impacted  it;  the  impact  marics  are  clearly  invisible. 

A  massive  steel  block  was  machined  to  accept  the  bac<  of  the  dearmers  and  was  rigidly 
supported  from  beneath.  In  this  way,  recoil  was  minimized  and  was  the  same  for  aU  shots.  The 
dearmers  were  mounted  in  this  backing  block  with  their  sjTOmetry  axis  vertical  and  were  aimed  at 
the  middle  of  a  wimess  plate  configuration.  This  target  configuration  consisted  of  two  plates,  an 
aluminum  wimess  plate  for  dent  depth  recording  and  a  steel  plate  to  provide  additional  inertial 
mass.  Dimensions  are  shown  in  the  figure. 

Because  of  the  different  dimensions  of  me  AMETEK  devices  and  the  MK  2  dearmers, 
different  stand-off  distances  were  required  between  me  rest  position  of  me  slug  and  me  bottom  of 
the  wimess  plate.  This  created  no  problem  because  velocity  measurements  were  made  before 
impact  to  me  wimess  plate,  and  mere  would  be  essentially  no  velocity  change  in  me  last  increment 
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Figure  4.  Front  face  and  slug  from  the  MK  2  Mod  Q  Dearmer  after  impact,  following  ricochet. 

of  travel.  Also,  dent  depths  from  the  AMETEK  devices  were  meaningless  because  they  used 
unhardened  steel  slugs  that  mushroomed  greatly  upon  impact.  The  impact,  thus,  produced  very 
shallow,  wide  dents  not  suitable  for  comparison  with  dents  made  by  the  MK  2  dearmer  slugs. 

Thus,  most  of  the  useful  data  came  from  the  Cineradiography  photos. 

Figures  3a  and  3b  show  some  of  the  details  of  the  mounting.  Vertical  alignment  was  achieved 
by  clamping  the  dearmers  to  a  vertical  piece  of  angle  iron  welded  to  the  base  plate.  A  standard 
hose  clamp,  shown  in  the  photos,  was  used  for  this  purpose.  The  plywood  shown  is  the  protective 
cover  for  the  image  intensifier  screen.  (The  maridngs  on  the  plywood  have  no  meaning  in  this 
experiment.) 

Projectile  speeds  were  measured  by  a  Cineradiography  system.  A  schematic  diagram  of  this 
system  is  shown  in  Figure  5. 

This  system  consists  of  four  x-ray  tubes  grouped  together  and  directed  across  the  target  region, 
through  a  protective  sheet  of  plywood,  onto  an  image  intensifier  screen.  X-rays  striking  this  screen 
produce  photons  in  the  visible  region  of  the  spectrum,  which  are  then  focused  onto  four  micro- 
channel  amplifiers,  one  for  each  x-ray  tube.  These  amplifiers  consist  of  two  phosphor  screens 
separated  by  a  bundle  of  capillary  tubes  internally  coated  with  a  phosphor.  Photons  from  the  image 
intensifier  screen  strike  the  initial  phosphor  screen  which  emits  electrons;  the  number  depends  upon 
the  intensity  of  the  image  at  that  point.  These  electrons  are  accelerated  down  the  capillary  tubes  by 
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Figure  5.  Cineradiography  system  for  rapid  sequence  x-rav  imaeing. 


a  potential  difference  established  between  the  two  phosphor  end  screens.  During  their  travel  they 
strike  the  phosphor  coating  on  the  capillary  waUs,  causing  more  electrons  to  be  emitted.  These 
electrons  strike  the  final  phosphor  end  screen  and  create  an  amplified  optical  image.  In  operation, 
this  screen  is  pressed  directly  onto  a  Polaroid  film,  thus  exposing  it  to  the  shadow  image  of 
whatever  is  in  the  target  region  at  the  moment  of  exposure. 

The  time  resolution  of  this  system  is  limited  only  by  the  relaxation  time  of  the  image 
intensifier  screen,  which  is  somewhat  less  than  10  psec.  In  these  experiments,  a  fine  conductive 
wire  was  bound  over  the  slug  of  the  dearmer  and  attached  to  the  firing  circuit  to  act  as  a  trigger. 
Figure  6. 

When  this  trigger  wire  broke,  it  initiated  the  timing  sequence  for  taking  the  x-rays.  In  aU  of 
the  AMETEK  dearmer  shots,  the  following  sequence  was  used:  The  firing  button  was  pushed:  the 
trigger  wire  broke;  10  psec  later  the  first  x-ray  was  taken,  and  the  next  three  x-rays  followed  at 
500-psec  intervals.  In  summary,  x-rays  were  taken  at  the  intervals  of  10,  500,  1,000,  and  1,500 
psec  after  the  trigger  wire  broke.  This  sequence  yielded  a  nicely  spaced  set  of  images,  almost 
filling  the  available  image  space.  The  first  image  always  showed  the  slug  just  after  it  began  to 
move;  the  second  showed  the  slug  almost  out  of  the  barrel  or  having  just  emerged;  the  third,  the 
slug  travelling  toward  the  wimess  plate;  and  the  fourth,  moments  before  impact  Figure  7  shows  a 
typical  sequence  of  these  images. 

The  x-ray  sequence  was  almost  identical  for  the  MK  2  dearmer  shots.  The  only  difference 
was  that  the  last  x-ray  was  taken  with  a  1,400-psec  delay  instead  of  the  1, 500-psec  delay  used  for 
the  AMETEK  shots.  This  was  necessary  because  the  slugs  from  the  MK  2  dearmer  had  a  slightly 
higher  speed,  and  they  would  have  impacted  the  witness  plate  at  the  1, 500-psec  delay  time,  making 
it  impossible  to  calculate  the  impact  speed.  In  fact,  one  shot  was  spoiled  because  of  this. 

The  left-hand  sequence  shows  the  static  photos,  one  for  each  camera,  from  which  comparisons 
are  made  with  the  dynamic  photos  shown  on  the  right.  Use  of  this  procedure  avoids  problems  with 
parallax  and  is  necessary  since  the  cameras  are  not  coaxiaUy  emplaced. 

The  x-rays  were  read  by  using  a  Leitz  Optical  Comparator.  Notice  in  Figure  7  the  horizontal 
and  vertical  reference  lines  in  the  background  of  each  photo.  The  vertical  lines  are  100  mm  apart, 
and  the  horizontal  lines  are  separated  by  127  mm.  In  this  set  of  experiments,  only  the  horizontal 
reference  lines  were  used  since  these  orthogonally  intersect  the  direction  of  projectile  flight.  Using 
these,  the  operator  can  directly  read  the  position  of  the  projectile  for  each  x-ray,  in  other  words,  for 
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Figure  6.  Schematic  diagram  of  the  Firing  circuit. 
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Figure  7.  Sequences  of  x-rav  images  of  AMETEK  device  number  1  test.  These  are 
representative  sequences,  typical  of  most  of  the  tests  that  were  run. 
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TABLE  1.  Projectile  Data. 


Slug  mass,  g 

Slug  length,  in 
before  after 

Slug  diameter,  in 
before  after 

AMETEK 
device  no. 

1 

301.3 

2.998 

2.759 

1.000 

1.215 

2 

301.5 

2.900 

2.700 

1.000 

1.270 

3 

300.9 

2.999 

2.707 

0.999 

1.237 

4 

301.4 

3.000 

2.718 

1.000 

1.243 

5 

301.0 

3.001 

2.728 

0.999 

1.225 

MK  2  dearmers 

1 

299.2 

2.992 

1.000 

1.003* 

2 

299.8 

2.979 

1.000 

— 

*  After  three  shots 


NOTE:  The  mass  of  the  steel  inertial  backing  plate  was  4,540  g.  The  aluminum  wimess  plates 
were  made  from  7039  aluminum,  having  the  approximate  dimensions  8-in  square  by  2-in 
thick. 


The  cartridges  that  were  used  in  aU  of  these  tests  were  identified  as  follows: 

U.S.  Navy  NAVSEA 
Cartridge,  50-Cal.  Blank 
(Electrically  initiated) 

1377-00-896-3694-M174 
Lot  No.  CRA79D002-002 


Five  shots  were  fired  with  the  AMETEK  devices  in  the  configuration  in  which  they  were 
received.  They  were  apparently  designed  to  be  used  with  either  blank  or  bulleted  cartridges.  Since 
these  tests  were  performed  with  blank  cartridges,  there  was  a  void  space  where  the  bullet  would 
normally  be  found.  Each  AMETEK  device  was  supplied  with  a  plastic  insert  to  fiU  the  space 
between  the  cartridge  case  and  the  inside  of  the  dearmer  cylinder.  In  approximately  half  of  the 
shots,  these  plastic  liners  bonded  tightly  to  the  inside  of  the  dearmers.  In  the  remaining  shots,  they 
could  be  removed  and  the  dearmer  immediately  reused.  In  aU  cases  after  firing,  the  dearmers  were 
able  to  accept  a  new  slug,  so  if  a  new  cartridge  could  be  inserted,  they  could  be  reused. 
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each  time.  Since  four  position-time  coordinates  are  known,  three  independent  speeds  can  be 
calculated.  The  speed  of  the  slug  at  which  it  exits  the  dearmer  is  likely  the  most  operationally 
important  speed  because  the  slug  length  is  the  usual  stand-off  distance  for  this  device;  however,  the 
speed  of  impact  is  a  better  measure  of  performance. 

3.  RESULTS 

As  mentioned  before,  the  criteria  for  performance  were  chosen  to  be  projectile  speed  and  depth 
of  dent  in  an  aluminum  armor  witness  block.  The  only  usable  dents  were  those  made  by  the 
hardened  steel  projectiles,  those  that  came  with  the  MK  2  dearmer,  although  they  were  also  fired 
from  the  AMETEK  devices.  The  other  slugs,  those  provided  with  the  AMETEK  devices, 
mushroomed  upon  impact  to  the  point  that  no  useful  dent  resulted.  Figure  8  shows  a  photo  of  the 
five  AMETEK  slugs  after  they  had  been  fired  and  of  the  two  hardened  steel  slugs,  one  before  and 
the  other  after  having  been  fired. 

Table  1  lists  the  parameters  pertinent  to  the  projectiles  that  were  fired.  As  can  be  seen,  the 
slug  masses  are  very  consistent  within  and  between  the  two  groups.  This  is  also  true  of  their 
lengths  and  diameters.  There  is  a  greater  variation  in  the  mass  of  the  wimess  plates  (Table  2),  but 
even  that  is  a  very  small  percentage  and  turns  out  to  be  irrelevant  since  dent  depths  formed  no 
basis  for  comparison  of  performance. 


Figure  8.  Dearmer  slugs  showing  deformation  resulting  from  impact. 
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Two  additional  AMETEK  shots  were  fired,  one  with  aU  conditions  the  same  as  before  except 
that  a  hardened  slug  was  used,  and  the  other  with  hardened  slug  and  a  cylindrical  polyethylene  plug 
used  to  fill  the  void  space  normally  occupied  by  the  bullet. 


Three  data  shots  were  fired  with  the  MK  2  dearmer.  Data  from  these  shots  and  those 
described  above  are  in  Table  2. 

TABLE  2.  Data  firom  Dearmer  Evaluation  Tests. 


Shot  ID 

Final  velocity. 

Dent  deptlVVol, 

Witness  plate 

Comments 

ft/sec 

in/ml 

mass,  g 

AMETEK 

1 

603.17 

5,738 

2 

590.3 

5,733 

3 

629.85 

5,633 

4 

604.07 

5,637 

5 

601.09 

5,717 

9 

693.59 

0.266/3.4 

Reused  no.  5  w/no.  2 
hard  slug  and 
Polyethylene  plug 

10  • 

612.43 

0.217/3.0 

W/no.  2  hard  slug 
and  air  space  vice 
bullet  or  plug 

MK  2 

1 

760.3 

0.325/3.9 

2 

761.5 

0.322/4.2 

3 

766.7 

0.324/4.0 

Note:  No  dent  depth/volume  data  were  obtained  in  shots  1-5  because  mild  steel  slugs  were  used. 
See  text  for  details. 
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4.  CONCLUSIONS 


The  MK  2  dearmer  yielded  very  uniform  and  consistent  data  for  all  three  categories  of 
information,  viz.,  projectile  speed,  dent  depth  and  dent  volume.  The  AMETEK  devices  yielded  data 
that  were  somewhat  more  scattered  and  that  indicated  lower  performance  in  terms  of  slug  speed  and 
kinetic  energy:  Average  projectile  speed  for  the  normal  shots  of  the  AMETEK  devices  was 
605.69  ft/sec.  This  compares  with  762.83  ft/sec,  approximately  25%  greater,  for  the  MK  2.  The 
energies  corresponding  to  these  speeds,  for  the  projectile  masses  used,  are  5,129.45  J  and 
8,136.31  J,  respectively. 

These  differences  in  performance  were  likely  caused  by  the  void  volume  ahead  of  the  cartridge 
in  the  AMETEK  devices.  When  this  was  partially  filled  as  in  shot  9,  the  final  slug  speed,  as 
indicated  in  Table  2,  was  significantly  greater  than  for  those  fired  without  the  polyethylene  spacer, 
however,  not  as  great  as  those  achieved  by  the  MK  2s  with  the  same  slug  masses.  This  void  space 
does  give  the  AMETEK  device  greater  flexibility  in  that  it  can  use  bulleted  rounds  as  weU  as  blank 
cartridges.  Performance  of  the  AMETEK  dearmers  was  not  evaluated  with  buUeted  rounds  in  this 
series  of  experiments. 

In  operation,  these  devices  wiU  not  be  as  well  supported  in  the  rear  as  they  were  for  these 
tests.  Consequently,  because  of  lower  chamber  pressure  and  reduced  time  for  the  propellant  to 
operate,  there  may  be  further  degradation  in  performance,  particularly  for  the  less  massive  dearmers. 
This  wiU  be  true  for  any  dearmer  design  that  relies  upon  momentum  transfer  for  its  effectiveness, 
and  so  is  not  a  deficiency  specific  to  the  AMETEK  design. 
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